Summary .-This study assessed the relative age eff ect (RAE) in judo athletes who participated in the Olympic Games from 1964 to 2012. The names and birthdates of the Olympic judo athletes were collected from open-access websites. Data from male ( n = 1,762) and female ( n = 665) competitors were analyzed separately. Chi-squared tests were performed to investigate REA in medalists, and by weight categories and sexes. When the analyses used semesters to divide the period when the athletes were born, a RAE was found in male heavyweight athletes and male medallists. Thus, in a selected group of judo athletes who had participated at the highest competitive level, RAEs were present in both athletes who won Olympic medals and heavyweight athletes in the male group.
Many sports use a cut-off criterion to group young participants into age categories for competition. For example, with a cutoff date of January 1 a child who was born on January 1 is grouped with children who were born on December 31 of the same year. Thus, children who were born on January 1 may have an advantage of up to 364 days in cognitive and physical development compared to other children in the same age category ( Delorme, Chalabaev, & Raspaud, 2011 ) . The predominant differences between children who have been grouped together in the same age category are based on growth, biological maturity, and cognitive development ( Musch & Grondin, 2001 ; Delorme, et al ., 2011 ) . In competitive sports, younger athletes (i.e., those who were born late in the year) tend to be less developmentally mature, which may be a disadvantage in terms of functional capacities ( Malina, Eisenmann, Cumming, Ribeiro, & Aroso, 2004 ) , leading to performance diff erences. Older, more developed athletes may have multiple competitive advantages. The relative age eff ect (RAE) can be defi ned as the diff erences in performance by exact age among individuals who have been grouped together for some performance activity ( Barnsley & Thompson, 1988 ) .
Beyond diff erences in growth, biological maturity, and cognitive development ( Musch & Grondin, 2001 ; Delorme, et al ., 2011 ) , other important factor aspects are involved in the RAE. For example, older athletes have a greater opportunity to participate in competitions and, consequently, can enhance their psychological, technical, and tactical abilities, supporting greater athletic development ( Williams & Reilly, 2000 ; Malina, et al ., 2004 ; Baker & Logan, 2007 ; Okazaki, Keller, Fontana, & Gallagher, 2011 ) . The consequences of the RAE in young athletes appear to subsequently aff ect the development of athletes in older categories (Jiménez & Pain, 2008 ) . These eff ects have been observed in a wide variety of studies showing RAE in professional athletes ( Côté, MacDonald, Baker, & Albernethy, 2006 ; Mujika, Vaeyens, Matthys, Santisteban, Goiriena, & Philippaerts, 2009 ), indicating that RAE at among young athletes may aff ect their competitive success in many ways, even into adulthood. Musch and Grondin (2001) suggested that RAEs would exist in almost every competitive sport. Competitiveness is infl uenced by the number of athletes available to participate in the sport, which is dependent on the sports' popularity in a given country. These same authors proposed that competition was higher among male participants than females because the RAE was reported more often in male compared to female athletes ( Cobley, Baker, Wattie, & McKenna, 2009 ; Cobley, Wattie, Baker, & McKenna, 2011 ; Goldschmied, 2011 ; Musch & Grondin, 2001 ). However, although there is some evidence for a relationship between RAE and sex in the current literature, this type of investigation has still been relatively neglected ( Cobley, et al ., 2009 ; Delorme, Boiche, & Raspaud, 2010b ; Musch & Grondin, 2001 ) . Thus, further studies are required to address sex separately.
To the best of the authors' knowledge, only four studies have specifi cally investigated this topic in combat sports; Albuquerque, Lage, Costa, Ferreira, Penna, Moraes, et al . (2012) investigated taekwondo athletes and Albuquerque, Tavares, Lage, de Paula, Costa, & Malloy-Diniz (2013) analyzed judo athletes from diff erent weight categories while Delorme (2014) studied French boxe and Albuquerque, Costa, Faria, Lopes, Lage, Sledziewski, et al . (2014) examined wrestlers. In summary, RAE was not found in taekwondo or boxe, but RAEs were found in heavier Olympic judo athletes ( Albuquerque, et al ., 2013 ) and in Olympic wrestlers ( Albuquerque, et al ., 2014 ) .
A proposal to eliminate RAE is centered on establishing competitive classes based on weight categories (Musch & Grondin, 2001; Cobley, et al ., 2009 ; Albuquerque, et al ., 2012 ; Delorme, 2014 ) . However, this was not applicable to Olympic wrestlers ( Albuquerque, et al ., 2014 ) . Delorme, et al . (2010b) hypothesized that RAE is observed in sports in which physical attributes such as body mass, height, and strength play a key role. Wrestling and judo are grappling combat sports and seem to require higher anaerobic energy demand than striking combat sports such as taekwondo and boxing (Franchini, Nunes, Moraes, & Vecchio, 2007; Arseneau, Mekary, & Léger, 2011 ; Garcia-Pallares, Lopez-Gullon, Muriel, Diaz, & Izquierdo, 2011; Campos, Bertuzzi, Dourado, Santos, & Franchini, 2012 ) . So, a possible explanation of the diff erences between combat sports is based on the physical requirements of each sport.
In 2013, the relative age eff ect was investigated in one weight category of judo athletes ( Albuquerque, et al ., 2014 ) . In the present study, more samples were added to investigate the RAE among Olympic medalists, by weight categories and sexes, and adding a historical analysis in Olympic judo athletes.
METHOD

Sample
The names and birthdates of Olympic judo athletes were collected from open-access Internet websites, 3 and there were no ethical issues involved in the analysis and interpretation of the data used, as these data were obtained in secondary form and were not obtained by experimentation. The use of open access or Internet data in RAE studies has previously been described in other studies (Côté, et al ., 2006 ; Medic, Starkes, Weir, Young, & Grove, 2009 ; Albuquerque, et al ., 2012 ) . In addition, the athletes' personal identifi cations were replaced with a code to ensure anonymity and confi dentiality. A total of 2,427 Olympic judo athletes (665 women, 1,762 men) were identifi ed, and their information was collected. Several athletes participated in more than one event of the Olympic Games and, in some cases, competed in diff erent weight categories. The athlete's fi rst participation in the Olympic Games was selected to avoid repetitive data.
Procedure
A traditional investigation of RAE literature (Côté, et al ., 2006 ; Delorme, et al ., 2010b ; Delorme, et al ., 2011 ; Albuquerque, et al ., 2012 Albuquerque, et al ., , 2013 uses four quarters (Q1: January to March; Q2: April to June; Q3: July to September; and Q4: October to December) for data analysis. However, other studies, like Edgard and O´Donoghue ( 2005 ) , have examined the RAE categorized in two semesters of 6 mo. In the following analyses, the calendar year from January 1 to December 31 was used, with January to June as the fi rst half of the year and July to December as the second half of the year. Each of the Olympic Games was assessed separately, as were medal-ist athletes and weight categories, considering the sexes separately. Judo athletes were divided into seven weight categories: extra light, half-light, light, half-middle, middle, half-heavy, and heavy.
Statistical Analyses
Comparisons were performed between the two semesters in each year to determine the signifi cance of the deviations from the expected number of births in each semester. Condon and Scaglion (1982) showed that the births are not evenly distributed in the year and are aff ected by environmental zones and cultural factors. However, similar to other studies on RAE ( Edgar & O´Donoghue, 2005 ; Côté, et al ., 2006 ; Delorme, Boiche, & Raspaud, 2010a ; Albuquerque, et al ., 2012 Albuquerque, et al ., , 2013 , the sample consisted of international athletes from diff erent cultural and environmental zones, so the expected values were calculated on the basis of the assumption of an even distribution of births throughout each half of the year because "this strategy [is] frequently used when the research concerns an international sample" ( Delorme, et al ., 2010a ) .
The eff ect size was calculated using ω ( Portney & Watkins, 2000 ) . Odds Ratios and 95% confi dence intervals (95% CI ) were calculated by comparing data from births during semesters of each year. These procedures are eff ective in showing participation inequalities and the probability of RAE occurrence ( Cobley, et al ., 2009 ; Albuquerque, et al ., 2014 ; Delorme, 2014 ) . These tests were used to identify whether RAE was present in each sample. Statistical signifi cance was set at p < .05 for all tests.
RESULTS
The observed distribution of birthdates for the entire sample of athletes ( N = 2,427) showed no signifi cant diff erences from the expected distribution. The distributions of birthdates by medalists and weight categories, for the two sexes separately by semesters, are shown in Tables 1 and  2 . When analyzing by semester, there was a signifi cant RAE only in the heavyweight male athletes and male medalists. None of the other comparisons indicated a signifi cant RAE ( p > .05).
DISCUSSION
This study investigated the relative age eff ect (RAE) in Olympic judo athletes in each of the Olympic Games and weight categories, evaluating sex diff erences. The main results of this investigation were the presence of RAE in heavyweight and medalist male athletes. It may be of future interest that RAE was signifi cant in half-heavy female athletes in the 2008 and 2012 Olympic Games (data not shown).
Four studies have specifi cally investigated the RAE in combat sports, like Albuquerque, et al . (2012) in taekwondo, Albuquerque, et al . (2013) in judo, Delorme (2014) in French boxe, and Albuquerque, et al . ( 2014 ) in wrestling. In summary, the RAE was not found in taekwondo and boxe, but was found in heavier Olympic judo athletes ( Albuquerque, et al ., 2013 ) and in Olympic wrestlers ( Albuquerque, et al ., 2014 ) . Wrestling and judo are grappling combat sports and seem to require higher anaerobic energy demand than striking combat sports such as taekwondo and boxing (Yoon, 2002; Arseneau, et al ., 2011 ; Campos, et al ., 2012 ; Franchini, Artioli, & Brito, 2013 ) . So, a possible explanation of the diff erences between these combat sports may be that RAE is observed in sports in which body size and strength plays a key role, as Delorme, et al . (2010b) hypothesized. The RAE usually is explained on the basis of physical maturity. However, other factors besides physical maturity can be related to the RAE. For example, Van Rossum (2006) concluded RAE may be absent in sports more heavily emphasizing technical skills relative to physical demand. In addition, in some sports playing positions appear to infl uence the RAE. For example, Schorer, Cobley, Büsch, Braütigam, and Baker (2009) and Ashworth and Heyndels (2007) investigated individual playing positions in soccer and handball, and the results demonstrated that RAE is infl uenced by the play position. In contrast to team sports, combat sports (e.g., taekwondo and judo) have diff erent weight categories which may be conducive to RAE. As previously demonstrated by Albuquerque, et al . (2013) and in the present study, heavier male judo athletes' performances indicated RAE was not present in the lighter weight categories. In weight categories where there are no upper limits (i.e., heavyweight category) the infl uence of RAE is higher, most likely because athletes mature earlier and may have an advantage at the beginning of their careers, which would result in a selection of athletes who were born in the fi rst semester. Thus, the present study and Albuquerque, et al . (2013) demonstrated that in combat sports the weight categories should be separately investigated.
In the present study, RAE was observed in Olympic judo among male heavyweights and male medalists. An important hypothesis used to explain RAE is based on the popularity of the sport and the level of competition. According to Musch and Grondin (2001) , the strongest evidence for RAE exists in the most competitive sports when the sport's popularity in a given country is high, which consequently causes an increase in the level of competitiveness. Thus, the selection process is infl uential because there are larger pools of potential athletes in each category. For example, if there are fi ve open positions on a judo team and there are only fi ve young judo athletes of a given age group who are interested in occupying these positions, then there is no reason to expect a RAE because everyone will have a place on the team. However, if there are 10,000 young judo athletes interested in participating on this judo team, then there will be stronger competition between the individuals to obtain a position and the RAE is much more likely to occur ( Musch & Grondin, 2001 ) . Thus, in countries where the competitive level is high (more traditional country for the sport, and more number of medals), the care in preventing RAE should be more intensifi ed, specifi cally in male athletes.
Extending the discussions initiated by Albuquerque, et al . (2013) in the present study, both weight and sex categories need to be controlled in combat sports. Musch and Grondin (2001) reported stronger evidence of RAE in male, but not in female, samples. There are fewer studies of female samples to date, and they also have shown inconsistent results ( Musch & Gron-din, 2001 ; Delorme, et al ., 2010b ) . Two major assumptions may be made to explain the absence of a signifi cant RAE in female athletes. First, the competition level is higher among male compared to female participants during athletic development in sports ( Musch & Grondin, 2001 ) . Second, the earlier and lower variability of the maturity status in girls when compared to boys may be an important mechanism to explain the lack of the RAE in females ( Goldschmied, 2011 ) . The RAE appears to occur more frequently in male athletes than female athletes. In the study conducted by Albuquerque, et al . (2012) , the authors argued that taekwondo is a relatively new Olympic sport and a growing number of countries and athletes will increase the level of competition. Nevertheless, the results of the Albuquerque, et al . (2012) study did not show increased RAE in three Olympic Games. Although judo and taekwondo are similar in several aspects, including the selection processes (chronological age and weight categories), judo exhibits a longer participation in the Olympic Games compared to taekwondo. Although no RAE was observed in female judo athletes in the present study, it is important to note that as in taekwondo (for both sexes) the participation of female athletes in judo Olympic Games is recent, as it is a relatively new Olympic sport. Therefore, the distribution of the female judo athletes should receive continued attention over the next Olympic Games.
The major limitation of the present study is related to the sample, which was obtained from a variety of diff erent countries. This adjustment is important because births are never evenly distributed along the year and are aff ected by environmental zones and cultural factors. However, there is no other expected distribution for an international sample like this one ( Delorme, et al ., 2010a ) .
Variations in maturity need to be considered in competitive sports because younger athletes who are less developmentally mature physically may present a disadvantage in terms of functional capacities when compared to more developmentally mature athletes ( Malina, et al ., 2004 ) . Consistent with this, younger judo athletes, such as juvenile and junior athletes, are physiologically more heterogeneous than pre-juveniles and senior athletes ( Miarka, Panissa, Julio, Del Vecchio, Calmet, & Franchini, 2012 ) . In addition, athletes more sexually mature and successful will receive more resources during their careers, which will result in enhanced success at the highest competitive levels ( Hancock, Adler, & Cote, 2013 ) . Thus, in the judo selection process the maturity variable cannot be neglected.
